In the present studies characterization of mineral carbons, especially bituminous coal from the La Loma Cesar and the Cerrejón, will be carried out using FTIR and TGA-DCS techniques, knowing in advance that this is a relatively hard coal containing bitumen, between lignite and coal. Anthracite in the ligno-coal series. It is usually black, sometimes dark brown, often presenting a well-defined band of shiny, matte material. The bituminous coal veins are identified stratigraphically by the distinctive sequence of bright and dark bands; the results obtained from the characterization conclude that the coals of the Caribbean, Colombian region, are bituminous, thermal, with high volatile content and low ash content. The FTIR analysis shows that Cerrejon coal has a large amount of water and phenolic groups that in the Loma Cesar coal; while the latter shows the greater presence of inorganic material type Si-O, Si-O-Al, Fe-O and Zn-O according to infrared spectroscopy analysis. The analysis of TGA-DSC showed that the temperature, rate, and energy in both carbons showed differences in terms of evaporation, volatilization, and combustion that can define the structure of each one.
Introduction
In Colombia, mineral coal is a non-renewable natural resource of vital importance due to the economic benefits it produces as a result of its export and the generation of employment generated by mining activity. The coal regions of Colombia are Cundinamarca, Santander, Valle del Cauca, Guajira, Cesar, Antioquia, Córdoba, of which the regions of Guajira and Cesar are open-pit mines and thermal coal [1] . The knowledge of the structure of the mineral coals shows us the possible use and the obtaining of new materials that are produced as a result of chemical reactions and use of physicochemical properties, for example obtaining fibers, humic acids, activated carbons, polymerization, among others materials [1] [2] .
Currently there are few studies that exist on the determination of structures and physicochemical analysis of carbons in the Caribbean region [3] , studied five types of coals from different parts of the country, using ATR in the medium infrared, analysis next and last analysis, obtaining structural parameters that give an idea of the range of the coals [4] [5] , proposes the use of Cerrejón thermal carbons, in mixtures with coking coals. I select 6 coking coals and 10 thermal coals, which were characterized by DRIFTS, TGA and DSC. The carbons were carbonized and the products were characterized by the CRI and CSR indices [5] . The results of the characterization of these materials show the structural indexes and the thermal behavior of the coals [6] .
The present work shows an analysis of the structure using TGA-DSC technique, IR, proximal analysis and elemental analysis, which leads us to elucidate the structure of the mineral coals of the Loma (Cesar-Colombia) and Cerrejón (Guajira-Colombia) mines.
Materials and methods

Samples
The samples of coal used during this work are from the mines of Cerrejon-Guajira and Loma-Cesar. The solids were initially deposited in hermetically sealed plastic containers and then ground for further analysis.
FTIR-analysis
The analysis by FTIR spectrometry in the region of the medium infrared was carried out in a Shimadzu FTIR-8400S device, in the region between 4000 and 400 cm -1 . For these analyzes, the samples were dispersed in potassium bromide in a 1: 100 ratio and then pressed into pellets that were analyzed in the transmittance mode. Through the FTIR spectra, the relationship between the aliphatic/aromatic content (Cali/Caro) was calculated, using the area of the peaks in the intervals 3000-
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3189 2600 cm -1 (Cali) and 1680-1500 cm -1 (Calo), obtained through the deconvolution of the bands using the Gaussian model.
TGA-DSC analysis.
Characterization by thermogravimetric analysis (TGA) and Differential Scanning Calorimetry (DSC) was performed in TA Instruments Model SDT Q600 equipment, in the temperature range between 50-1000 °C in an air flow of 50 mL/min. For the DTG analysis, the deriva tive of the TGA curve was performed as a function of temperature Figure 1 shows the FTIR spectra of the coal from the mines of the el Cerrejón and La Loma Cesar; In the case of solids, a broad band centered at 3400 cm -1 is observed, which is due to surface or phenolic OH groups of the carbonaceous matrix. The bands observed between 2915 cm -1 to 2800 cm -1 are due to CH stretching of aromatic chains present in the carbon structure, aliphatic chains are confirmed by the band at 1380 cm -1 and 1436 cm -1 , which are attributed to deformations of the angle of the CH bond [7] . The polycondensed aromatic structure of the coals under study, originated in the same way a band in 1600 cm -1 caused by C=C stretches aromatic and by the bands between 800-750 cm -1 that are due to CHx deformations outside the plane.
Results and discussion
FTIR -analysis.
The inorganic matter present in these samples generated bands at 1178 cm -1 , 679 cm-1, and 811 cm-1 attributed to the Si-O or Si-O-Al bond, while the bands at 537 cm -1 and 465 cm -1 are attributed to Fe-O and Zn-O respectively. Note also that in material from Loma Cesar, there is evidence of a greater number of bands associated with the inorganic material, which is an indication of this type of material in said solid.
The results of the Cali/Caro relationship show that Cerrejón coal (Cali/Caro =0.21) showed a more aromatic character than that from La Loma (Cali/Caro =1.02), which indicates that coal Cerrejón has a higher degree of maturity. therefore this type of coal tends to have a higher fixed carbon content, less amount of volatile material, in addition to this type of coal compared to the Guajira, this will have a lower number of aliphatic hydrogens and a flatter and more compact structure, all this is due to the greater number of rings per carbon atom, when the macromolecules become flat, the smaller molecules will not have room to stay confined, and the volatile material will decrease, while in the Cerrejón coal characteristics are evident more inorganic [3] .
TGA-DSC analysis
The combustion process is extremely complex and many of the processes that occur contribute to the thermal analysis curves. Theoretically, the combustion of coals can start each time oxygen comes into contact with them. However, the temperature, the composition of the coals and air dictate the nature of the reactions [8] [9] . For Cerrejón and la Loma Cesar coals it is observed that in the first region, in the low-temperature range, moisture evaporation occurs (H2O molecules and OH groups); the temperature ranges are approximately between 100 to 200 °C and 100 to 124.29 °C, respectively, where the carbon sample begins to lose small amounts of waters by pyrolysis, from the decomposition of the phenolic structures (Figure 2a and 2b) .
The second reaction region is centered at 466 °C and 450 °C where carbonization begins for the coals of the Cerrejon and la Loma Cesar, with the release of carbon dioxide and hydrogen; from temperatures of 582 °C for the Cerrejon and 525 °C for la Loma, the main loss of mass begins, this is the primary reaction zone; the greater loss of mass and the complicated chemical reactions, such as the formation of liquid and gaseous products, volatilization and combustion of the fixed coal, until the temperatures of 630 °C and 667 °C for the Cerrejon and La Loma Cesar, respectively, where the formation of ashes begins [11] . In this region, it is assumed that methane and other lower aliphatic are evolved along with hydrogen, carbon monoxide-alkyl and aromatics with an increase in temperature (Figure 2b and 3b) . The figure 3 , it can see the loss of mass percentage and the rate that this happens with respect to temperature In relation to the DSC (Fig. 4a and 4b) , we observed that coal from Cerrejón to reach the peak of primary reaction needs 1833 J/g of heat, whereas coal from La Loma needs 242.3 J/g much less than coal from the Cerrejón; we can also observe that the coal of the Cerrejón needs 11301 J/g and the material of the La Guajira 12886 J/g, a close value between both. The coal of the La Loma has approximately 5% ash, higher than that of the Cerrejón, therefore it will have much more intense mineral bands [12] . The ashes allow us to define the quality of the coal in the combustion process when determining the content of incombustible material present [13] ; therefore it will have higher costs of handling and treatment. Consequently, the evidence presented of a lower percentage of ash in Cerrejón, may indicate that it is a favorable coal for the generation of energy because the amount of slag produced will be much lower [14] [15] .
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Conclusions
The results obtained show that carbons from the Caribbean region are bituminous, thermal, with high volatile content and low ash content, as observed when subjected to a combustion process during the TGA-DTG and DSC analysis. The Loma coal presented in IR spectrum a greater number of bands in the region of around 1700 cm -1 to 500 cm -1 , thus indicating the presence of greater inorganic material; In addition, this coal has a percentage of around 5% of ashes, a percentage higher than that calculated in Cerrejón coal. In the case of the Cerrejón material, a more aromatic character was observed, which is an index of the greater degree of maturation. The study of the temperature, rate, and energy required in both coals for the processes of evaporation, volatilization, and combustion in said coals, present differences that can define the structure and utility that can be given to these materials.
